COMBINED GLOBAL POSITIONING SYSTEM RECEIVER AND RADIO 



BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

The present invention relates to radios and global positioning system 
(GPS) receivers. More particularly, the invention relates to a combined GPS receiver 
and radio unit operable for sending GPS-derived data and other information to other 
such units. 

2. DESCRIPTION OF THE PRIOR ART 

The global positioning system (GPS) is an electronic satellite navigation 
system which permits users to determine their position with respect to the Earth. Global 
positioning may be determined with a handheld GPS receiver which detects and 
decodes signals from a number of satellites orbiting the Earth. The signals from each 
of these satellites indicate the position of the satellite and the time at which the signals 
were sent. To decode the satellite signals, known as spread spectrum signals, and 
thereby calculate desired position and navigational data, a GPS receiver must first "find" 
or acquire the signals emitted from a minimum number of satellites. Once the receiver 
is "locked on" to the spread spectrum signals, the user's global position and other 
navigational data (e.g., velocity of movement) can be calculated. 

In addition to the growing popularity and demand for GPS navigational 
devices, portable two-way radios continue to enjoy widespread popularity. In 1996, the 
Federal Communications Commission (FCC) established the Family Radio Service 
(FRS) so that families and other small groups could communicate with one another over 
very short distances (typically less than two miles) at no charge and without an FCC 
license. The FRS, which is one of the Citizens Band Radio Services, includes 14 
channels in the UHF 465 MHz band. There are a number of commercially available two- 
way radios which are designed for use with the FRS. 

The increasing use of both portable radios and GPS receivers has led to 
proposals to incorporate the two into combined units. It is anticipated that such 
combined units will provide enhanced capabilities such as the ability to transmit GPS- 
derived location data between two or more units so that the users of the units may 
monitor each other's location. For example, a family may use several of these combined 
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units to not only communicate with one another but also to monitor each other's location 
so that parents may keep track of their children. 

Unfortunately, currently-proposed combined GPS/radio units suffer from 
several limitations that limit their utility. For example, proposed designs for combined 
5 GPS/radio units include, in addition to the typical controls found on GPS receivers and 
FRS radios, numerous other buttons that must be operated to trigger the transmission 
of location data between the units. Those skilled in the art will appreciate that such 
additional buttons complicate operation and increase costs of the units. 

Another limitation of currently-proposed combined GPS/radio units is that 
1 0 location data is only transmitted from a first unit to other units when the user of the first 
unit elects to do so. This is a problem because users often wish to know the location 

M of other users, even if these other users forget to transmit such information. For 

ip 

q example, parents may wish to monitor the location of their children, but only may do so 

y with currently-proposed units if the children periodically transmit their location 

111 5 information back to their parents. 

y Another limitation of currently-proposed combined GPS/radio units and 

f FRS radios in general is their lack of privacy. Because the FRS is an unlicensed, shared 

M- communication service, communications from several different groups of people are 

p often transmitted at the same time, causing interference. This is especially true in areas 

C20 where FRS radio use is popular, such as in amusement parks, sporting events, concerts, 

I** 

etc. Such interference can be avoided to a certain extent by selecting between 14 
available FRS channels, but often, some or all of the channels are used simultaneously. 
Also, once members of a group have selected a channel and separated from one 
another, it is difficult to get all of the members to simultaneously switch to a different 
25 channel. 

To prevent FRS radio users from hearing unwanted radio transmissions, 
many FRS radios incorporate continuous tone coded squelch systems (CTCSS). A 
CTCSS controls the audio output of a radio so that users only hear desired 
communications. A CTCSS includes circuitry for generating and a selector for selecting 
30 between a number of sub-audible tones, one of which is transmitted any time a radio is 
operating in the CTCSS mode. Other radios with a CTCSS that receive the transmission 
will disable their squelch and therefore enable audio output if they have been set to the 
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same sub-audible tone. The radios will not disable their squelch for communications 
that are transmitted with a different or no CTCSS sub-audible tone. 

Unfortunately, many people incorrectly assume that a CTCSS prevents 
others from listening to their conversations. In fact, a CTCSS only prevents a user from 
5 hearing unwanted conversations, but does not prevent others from listening to the user's 
conversations. Radios that do not have a CTCSS or that have a CTCSS that is turned 
off can receive and hear all communications transmitted in their vicinity. For example, 
a group of users may enable the CTCSS on their radios and communicate with one 
another without hearing communications from other people. However, users of other 
10 radios without a CTCSS or with a CTCSS that is not enabled may listen to all of groups' 
communications. The same is true for transmitted location data. For example, with prior 
h art combined GPS/radio units, unauthorized persons may intercept transmitted location 
jsj data and use such data to improperly monitor the location of other radio users. 
W Another limitation of currently-proposed combined GPS/radio units and 

hJ 5 FRS radios in general is that it is sometimes difficult to transmit and receive emergency 
m messages. FRS rules require users to give priority to emergency messages; however, 
M FRS channels are frequently so crowded that emergency messages cannot be heard 
p or are interfered with. Moreover, users of radios with a CTCSS as described above 
p cannot hear an emergency message unless the CTCSS on their radios is turned off or 
riO tuned into the same sub-audible tone transmitted with the emergency message. 

Accordingly, there is a need for an improved combined GPS/radio unit that 
overcomes the limitations of the prior art. 

SUMMARY OF THE INVENTION 

25 The present invention solves the above-described problems and provides 

a distinct advance in the art of radios in general, and combined GPS/radio units in 
particular. One embodiment of the present invention provides a radio with a single 
push-to-talk button or other input device that can be used to initiate transmission of both 
a voice communication and data. The radio is preferably a combined GPS/radio unit, 

30 and the data is preferably GPS-derived location data. When a user pushes the push-to- 
talk button, location data for the unit is automatically transmitted either before or after 
the button is released. This combines two important functions in one input device to 
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reduce the complexity and cost of the unit. This also results in the automatic 
transmission of location data every time the user transmits a voice communication. 

Another embodiment of the present invention provides a radio with a 
"polling" function. Particularly, the radio includes a pushbutton switch or other input 
device that may be pressed to transmit a radio signal requesting that other users 
transmit data indicative of their locations. The "polling" request may be simply displayed 
on the other units or may cause the units to automatically transmit their location data. 
This "polling" function allows users of the units to monitor each other's location even if 
some of the users forget to transmit their location data. 

A similar embodiment of the present invention provides a radio that 
periodically automatically transmits a radio signal indicative of its location without 
requiring a user to initiate the transmission. This allows a group of radio users to 
automatically transmit and receive updated location information without action from the 
users. 

Another embodiment of the present invention provides a radio having an 
auxiliary coding system that codes all transmitted location data to prevent unauthorized 
persons from intercepting the location data and using such data to improperly monitor 
the location of the radio. The auxiliary coding system may be used alone or in 
conjunction with a CTCSS. 

Another embodiment of the present invention includes an emergency 
message feature wherein one CTCSS sub-audible tone is reserved for emergency 
communications. All radios with this feature have the same CTCSS tone reserved for 
emergency communications so that any time an emergency communication is 
transmitted, all radios in range receive the emergency communication and unmute their 
radios. The emergency sub-audible tone may be selected from one of the radio's 
existing sub-audible tones or may be a new, dedicated emergency sub-audible tone. 

The inventive features of each of the radios described above are 
preferably implemented in a combined GPS/radio unit; however, they may also be 
implemented in other radio and communications devices. Also, although each of the 
radios described above preferably communicate over the FRS, they may also 
communicate over other wireless networks. 

These and other important aspects of the present invention are described 
more fully in the detailed description below. 



BRIEF DESCRIPTION OF THE DRAWING FIGURES 

A preferred embodiment of the present invention is described in detail 
below with reference to the attached drawing figures, wherein: 

Fig. 1 is a perspective view of a combined GPS/radio unit constructed in 
5 accordance with a preferred embodiment of the present invention. 

Fig. 2 is a block diagram of the components of the GPS/radio unit of Fig. 

1. 

Fig. 3 is a block diagram of a communications network linking the 
GPS/radio unit of Fig. 1 with a plurality of other GPS/radio units. 
1 0 Fig. 4 is a schematic representation of a display on the GPS/radio unit of 

Fig. 1, wherein the display indicates the location of multiple GPS/radio units on an 
q electronic map. 

g The drawing figures do not limit the present invention to the specific 

fy embodiments disclosed and described herein. The drawings are not necessarily to 
%j5 scale, emphasis instead being placed upon clearly illustrating the principles of the 
m invention. 

p DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Turning now to the drawing figures, and particularly Figs. 1 and 3, a 

iSo portable radio 10 constructed in accordance with a preferred embodiment of the 
invention is illustrated. The radio 10 is preferably a combined GPS/radio unit that may 
transmit and receive voice communications, determine its location using the GPS, and 
transmit location data to other such units 1 0A, 1 0B, 1 0C, 1 0D and 1 0E over a wireless 
network 12. In the preferred embodiment of the present invention, units 10 and 10A- 

25 10E communicate with one another over a public radio network such as the Family 
Radio Service. While six units 10 and 10A-10E are shown on the exemplary 
embodiment of Fig. 3, only two such units are necessary for the purposes of the present 
invention. 

Referring to Figs. 1 and 2, the preferred unit 10 comprises a GPS receiver 
30 14, a GPS antenna 16, a radio transceiver 18, and a radio antenna 20 all mounted in or 
on a radio housing 21. The GPS receiver 14 is electronically coupled with a processor 
22 which has an associated memory 24 for storing information such as cartographic 
data (i.e., electronic maps). Similarly, the radio transceiver 18 is coupled with the 
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processor 22 and a data modem 26. The data modem is used for transmitting and 
receiving data such as location data as described herein. The cartographic data may 
be stored on cartridges which can be removably attached to the unit 10. For example, 
an electronic map of a particular city or national park may be stored in a single cartridge. 
The memory 24 may also store historical location data for the unit 1 0 or for other units 
which have transmitted location data to unit 10. The antennas 16, 20 preferably extend 
upwardly from the top of the housing 21 . 

The unit 1 0 also includes a microphone 28, a speaker 30, an input 32, and 
a display 34. The microphone 28 and the speaker 30 are conventional and may be, for 
example, the same type of microphone and speaker equipped with a standard FRS 
radio. The display 34 is preferably a liquid crystal display (LCD) and is used to display 
location information and cartographic data as described in more detail below. 

The input 32 is preferably an alphanumeric keypad, such as a telephone 
keypad, which may be used to select and input a name or other identifier for the unit 10 
using any combination of the letters, numbers, or symbols which are available on the 
keypad. The keypad may include any number of control buttons such as the twelve 
buttons standard on a telephone keypad. As will be understood, the input 32 could be 
something other than a keypad, such as a microphone/voice recognition input, a touch 
screen, or a menu-driven display input. 

The unit 10 also includes a continuous tone coded squelch system 
(CTCSS) 36 and a push-to-talk button 38. The CTCSS 36 controls the audio output of 
the speaker 30 so that only certain desired communications are heard by a user of the 
unit 10. The CTCSS 36 includes circuitry for creating a plurality of sub-audible tones 
and a selector for selecting one of the tones. The selector may be a key or button on 
the input 32 or a dedicated key or button positioned elsewhere on the unit 10. When 
enabled, the CTCSS 36 transmits the selected sub-audible tone with all voice 
communications. Other nearby units 10A-10E will receive the sub-audible tone along 
with all transmitted voice communications and disable their squelch if they have a similar 
CTCSS 36 that has been set to the same sub-audible tone. This allows a group of users 
to set their units to the same sub-audible tone and then communicate with one another 
without hearing communications transmitted by radios with a different or no CTCSS 36 
sub-audible tone. However, as described above, other radios with no CTCSS 36 or with 



a CTCSS 36 that is turned off will still be able to listen to all communications transmitted 
over the FRS. 

The push-to-talk button 38 may be any conventional pushbutton switch or 
other control device normally found on FRS radios and operable to transmit voice 
communications. However, in accordance with one important aspect of the present 
invention, the push-to-talk button 38 is coupled with the processor 22 to combine two 
important functions in a single button. Specifically, the push-to-talk button 38 is operable 
to both initiate transmission of voice communications and transmission of a radio signal 
indicative of a GPS-derived location of the unit. 

When a user presses the push-to-talk button 38 and begins speaking into 
the microphone 28, the radio transceiver 18 begins transmitting a voice communication 
along with the selected CTCSS 36 sub-audible tone in a conventional manner. Pressing 
the push-to-talk button 38 also triggers the transmission of a radio signal with GPS- 
derived location data indicative of the location of the unit 10. By combining both 
functions in a single input device, operation of the unit 10 is simplified. Moreover, this 
arrangement allows updated location data to be automatically transmitted each time the 
user transmits a voice communication. The push-to-talk button 38 may also initiate 
transmission of data other than the location data. 

In preferred forms, the location data or other data is transmitted after the 
push-to-talk button 38 has been pushed and then released so that the data does not 
interfere with transmitted voice communications. In this embodiment, the processor 22 
preferably keeps the radio transceiver 18 enabled for a pre-determined time interval 
after the push-to-talk button 38 has been released to permit transmission of the location 
data. For example, the radio transceiver 1 8 may remain enabled to transmit the location 
data for approximately 100-300 milliseconds after the push-to-talk button 38 has been 
released. This provides ample time for transmitting the location data while minimizing 
any possibility that the user will interfere with transmission of the location data by 
pressing the push-to-talk button 38 too quickly. 

Similarly, if the unit 10 is receiving a voice communication and a 
corresponding CTCSS 36 sub-audible tone from another unit, the processor 22 keeps 
the radio transceiver 1 8 enabled for a pre-determined amount of time after the processor 
detects loss of the received CTCSS 36 sub-audible tone so that the radio transceiver 1 8 
may continue listening for location data from the other unit. The pre-determined time 



interval is preferably the same as when the radio transceiver 1 8 is transmitting location 
data (i.e., 100-300 milliseconds). 

In another embodiment of the push-to-talk feature, the location data is 
transmitted immediately after the push-to-talk button 38 is first pressed. In this 
embodiment, the processor 22 and the radio transceiver 18 preferably transmit the 
location data within a pre-determined time after the push-to-talk button 38 has been 
pressed to minimize interference with subsequent voice communications. The pre- 
determined time may be, for example, 100-300 milliseconds. 

In another embodiment of the invention, the unit 10 includes a "polling" 
function that enables a user of the unit 1 0 to request location information from the other 
units 1 0A-1 0E. Particularly, the unit 1 0 includes a button or other input device coupled 
with the processor 22 that may be pressed or otherwise operated to cause the unit 10 
to transmit a radio signal overthe network requesting the other units 1 0A-1 0E to transmit 
location data overthe network. The polling button or input device may be a key or keys 
on the input 32 or may be a dedicated key or button positioned elsewhere on the unit 
10. The "polling" request may be displayed on the other units or may cause the other 
units to automatically transmit their location over the network 1 2 so that the unit 1 0 and 
all other units may receive it. 

In another similar embodiment of the invention, the unit 10 may be 
configured to automatically send a radio signal indicative of its location overthe network 
12 at periodic intervals. This feature enables all units 10, 10A-10E to automatically 
receive updated location data from the other units without user action. 

In another embodiment of the invention, the unit 10 includes an auxiliary 
coding system that codes or encrypts all location data prior to transmission. The 
auxiliary coding system may use any known coding or encryption scheme such as public 
or private key encryption methods. For example, a group of radio users may each enter 
an agreed-upon 8-bit code into their radios prior to use. The processor 22 then uses the 
8-bit code to encrypt transmitted location data and to decrypt received data. The 
auxiliary coding system is preferably used in conjunction with the CTCSS 36 described 
above to prevent a user of the unit 10 from hearing unwanted conversations and to 
prevent unauthorized persons from intercepting transmitted location data. Thus, a user 
of the unit 10 wishing to transmit a message first selects a desired channel, then a 
CTCSS 36 sub-audible tone, and finally an encryption code. This provides several 



layers of security or privacy that together prevent users from hearing unwanted 
communications and prevent unauthorized persons from improperly tracking the 
locations of other radio users. This embodiment of the invention may be particularly 
useful for groups of users who are particularly concerned with privacy, such as law 
5 enforcement groups. 

In another embodiment of the invention, the unit 1 0 includes an emergency 
message feature that makes it easier for users to transmit and receive emergency 
messages. The emergency message feature reserves one of the CTCSS 36 sub- 
audible tones for emergency communications. The CTCSS 36 of the units 10, 10A-10E 
1 0 are always tuned to this emergency sub-audible tone as well as any other tones selected 
for normal voice communications. Thus, any time an emergency communication is 

H transmitted, all radios in range of the message will receive the message and unmute 

O 

□ their speakers even if their CTCSS 36 is set to another sub-audible tone for regular, 

- 

n\ non-emergency messages. The emergency sub-audible tone may be selected from one 
p| 5 of the radio's existing sub-audible tones or could be a new, dedicated emergency sub- 
Id audible tone. 

j\ The emergency message feature also preferably includes an emergency 

^ call indicator 40 coupled with the processor 22. The emergency call indicator is actuated 
U each time the processor 22 senses receipt of the emergency sub-audible tone to alert 
f;|0 the user that an emergency message is about to be received. The emergency call 
indicator 40 may be an indicator light, tone, vibration device, or any other device capable 
of alerting a user of receipt of an emergency call. 

In use, the unit 10 communicates with other GPS/radio units (e.g., units 
1 0A-1 0E) over the wireless network 1 2 in the same manner that conventional two-way 
25 radios communicate with one another. In addition, these units are able to calculate their 
location and communicate that location data to one another since they are also 
equipped with GPS receivers. Transmission of the location data may be triggered by 
the push-to-talk button 38 as described above. Another way to communicate the 
location data over the wireless network 12 is to divide the available bandwidth into a 
30 voice portion and a data portion so that voice and data may be communicated 
simultaneously. If only a small portion of the bandwidth is allocated for data 
transmission, there should be no noticeable degradation of the voice communication. 
Alternatively, the entire communication channel could be used for voice communication 
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except for periodic interruptions during which a burst of location data is sent. If the 
period of the interruption is short, there should be no noticeable effect on the quality of 
the voice communication. The data may be transmitted using one of a variety of 
different modulation techniques, including frequency shift keying (FSK), minimum shift 
keying (MSK), or phase shift keying (PSK). 

Fig. 4 is a schematic representation of an exemplary display 34 on the unit 
10 in which the display 34 indicates the location of four different GPS/radio units. 
Although darkened circles are used in Fig. 4 to indicate the location of the four units, any 
other location designator could be used. The display 34 also indicates a unique 
alphanumeric identifier for each of the four units. For example, the identifiers A1 , A2, 
A3, and A4 may correspond to units 1 0A, 1 0B, 1 0C, and 1 0D, in which case the location 
of unit 10 would not be shown. Alternatively, the identifier A1 may correspond to unit 10 
and the identifiers A2-A4 may correspond to units 10A-10C so that the location of unit 
10 is shown on its display 34. While alphanumeric identifiers were selected in the 
example of Fig. 4, any available identifier (or combination of identifiers) could be used 
(e.g., letters, numbers, symbols, icons, colors, etc.)forthe units. Moreover, an identifier 
could perform the dual function of identifying the unit and of indicating the location of the 
unit, thus eliminating the need for a darkened circle or other such location designator. 

There are many practical applications which could utilize the advantages 
of the present invention. For example, if a family or other small group is camping or 
hiking and each person is carrying a GPS/radio unit, then everyone can communicate 
with one another and see where everyone else is located. Since each person's position 
would be indicated on the electronic map displayed on each of the units, the other 
members of the group could quickly locate a member who becomes lost or injured. This 
would also be the case if the group is located in an urban or residential area. 

Although the invention has been described with reference to the preferred 
embodiment illustrated in the attached drawing figures, it is noted that equivalents may 
be employed and substitutions made herein without departing from the scope of the 
invention as recited in the claims. 

Having thus described the preferred embodiment of the invention, what is 
claimed as new and desired to be protected by Letters Patent includes the following: 
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